recently, Neurokinin B (NKB) and Dynorphin A (Dyn) have been shown to be coexpressed within kisspeptin/ metastin neurons in the arcuate nucleus (ARC) where they together have been proposed to generate a rhythmic discharge of kisspeptin/metastin, which ultimately produces the pulsatile release of GnRH [5, 6] . NKB positively, and Dyn negatively regulate the multipleunit activity (MUA) in the kisspeptin/metastin neurons located in the medial basal hypothalamus [6] .
NKB, encoded by the TAC3 gene, is a member of the mammalian tachykinins family of excitatory neurotransmitters, which also includes substance P, and Neurokinin A. These peptides affect pituitary hormone secretion alone or in concert with other hypothalamic peptides [7, 8] . Tachykinins exert their functions by acting on three types of receptor: NK1, NK2 and NK3. The NK3 receptor (NK3R), encoded by the TAC3R gene, is the most selective of the tachykinin receptors and is preferentially bound and activated by NKB [9, 10] . Although all of tachykinin receptors were found in the anterior pituitary gland, those sec and centrifuged at 14,000 × g for 10 min at 4ºC. The protein concentration was measured in the cell lysates using the Bradford method of protein quantitation. Ten micrograms of denatured protein/well was separated on a 10% SDS-PAGE gel according to standard protocols. When western blotting was performed using cell membrane fractions. Mem-PER Eukaryotic Membrane Protein Extraction Reagent Kit (Pierce Biotechnology, Rockford, IL) was used to obtain membrane fractions form 5×10 6 cells. Protein was transferred onto polyvinylidene difluoride membranes (Hybond-P PVDF, Amersham Biosciences, Little Chalfont, UK), which were blocked for 2 h at room temperature in Blotto (TBS with 4.5% milk). Membranes were incubated with NK3 antibody (1:150 dilution) and KOR antibody (1:150 dilution) (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) in Blotto overnight at 4ºC, and then washed 3 x 10 min with TBS/1% NP-40. A subsequent incubation with a monoclonal horseradish peroxidase (HRP)-conjugated secondary antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) was carried out for 1 h at room temperature in Blotto, and the appropriate additional washes were performed. Following electrochemiluminescence (ECL) detection (Amersham Biosciences, Little Chalfont, UK), membranes were exposed onto X-ray film (FujiFilm, Tokyo, Japan). For determination of ERK (Extracelluar signal-regulated kinase) phosphorylation, phospho-ERK antibody (P-ERK) (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) was used. After strip washing (Restore buffer, Pierce Chemical Co.), membranes were re-probed with ERK antibody (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) (1:1000 dilution) overnight at 4ºC, followed by incubation with HRP-conjugated secondary antibody and continuation of the procedure as described above. Films were analyzed by densitometry using NIH image, and the intensities of the P-ERK bands were normalized to those of total ERK to correct for protein loading in the case of cellular lysate extracts. Each experiment was repeated at least three times.
Reporter plasmid construct and luciferase assay
The gonadotropin LH and FSH reporter constructs used in these experiments were generated by fusing -797/+5 of the rat LHβ gene, -2000/+698 of rat FSHβ gene cDNA in pXP2, as previously described [26] . PRL reporter constructs used were generated by fusing -609/+12 of the PRL gene which was isolated from GH3 cells to the firefly luciferase cDNA in pGL3, as were found exclusively in lactotrophs and gonadotrophs [11] [12] [13] . Dyn, an endogenous opioid peptide, preferentially binds to the κ-opioid receptor (KOR) [14] and modulates diverse physiological functions, including the processing of memory, pain and analgesia, and immune function [15] . Opioid peptides also modulate hormone release from the anterior pituitary [16] , and opioid receptors were widely expressed including pituitary gland [17] .
Reproductive functions in mammals are regulated largely by the pituitary gonadotropins, LH and FSH. Gonadotropins are synthesized and secreted by the pituitary gonadotrophs mainly under the control of GnRH. In addition, PRL, which is released from pituitary lactotrophs has a number of actions related to reproduction [18] . NKB positively and Dyn negatively regulate the multiple-unit activity (MUA) in the kisspeptin/metastin neurons. Although there are reports that NKB/Dyn neuron do not contact with fenestrated capillaries [19, 20] , receptors for NKB and Dyn, are expressed widely in the central nerve systems including pituitary gland [11-13, 16, 21, 22] . In addition, there are many reports which showed the involvement of NKB and Dyn on pituitary hormone synthesis and release [7, [23] [24] [25] . Thus, we hypothesized that NKB and Dyn may act directly on pituitary gonadotrophs and lactotrophs, both of which are necessary to maintain reproductive functions similar to kisspeptin/metastin. To assess the effects of NKB and Dyn in vitro, we utilized two anterior pituitary cell lines, gonadotropin-producing LβT2 cells and PRL-secreting GH3 cells.
Materials and Methods

Cell culture
LβT2 cells (kindly provided by Dr. P.L. Mellon of the University of California, San Diego, CA) and GH3 cells were maintained in a monolayer culture in highglucose DMEM supplemented with 10% heat inactivated fetal bovine serum (FBS) and 1% penicillinstreptomycin, at 37 ºC in a humidified atmosphere of 5% CO 2 in 95% air.
Western blot analysis
Approximately 4 -6 x 10 5 of LβT2 and GH3 cells were lysed on ice with RIPA buffer (PBS, 1% NP-40, 0.5% sodium deoxycholate, 0.1% SDS) containing 0.1 mg/mL phenylmethylsulfonyl fluoride, 30 mg/mL aprotinin, and 1 mM sodium orthovanadate, scraped for 20 the simultaneous measurement of mRNA and GAPDH permitted normalization of the amount of cDNA added per sample. The thermal cycling conditions were: 95ºC, 10 min for denaturation, followed by 40 cycles of 95ºC, 15 s, and 60ºC, 1 min. The crossing threshold was determined using PRISM 7000 software and post amplification data were analyzed using delta-delta CT method with Microsoft Excel.
Statistical analysis
All experiments were independently repeated at least three times. Each experiment was performed with triplicate samples for each experimental group. Values were expressed as means ± SEM. Statistical analysis was performed using the one-way ANOVA, followed by Duncan's multiple range test. P < 0.05 was considered statistically significant.
Results
Receptors for NKB and Dyn exist in LβT2 cells and GH3 cells
First, we examined whether LβT2 cells and GH3 cells express NK3R and KOR, which bind to NKB and Dyn, respectively. Western blotting analysis using specific antibodies for NK3R and KOR, demonstrated that both LβT2 and GH3 cells had immunoreactive bands corresponding to the molecular weights for NK3R (Fig.  1A) and KOR (Fig. 1B) . Because many non-specific bands were present in the western blotting for NK3R (Fig. 1A , left), we further confirmed the presence of NK3R by western blotting using cell membrane fractions and confirmed the presence of immunoreactive bands at the same position (Fig. 1A, right) .
Effects of NKB on promoter activities for gonadotropins and PRL
NKB itself failed to stimulate gonadotropin LHβ and FSHβ promoter activities in LβT2 cells. GnRHincreased gonadotropin promoters were not modulated in the presence of NKB ( Fig. 2A) . In contrast, NKB modulated the effect of TRH on PRL promoter activity in GH3 cells. Although NKB alone did not stimulate the PRL promoter, TRH-increased PRL promoter activity was significantly augmented in the presence of NKB. TRH-increased PRL mRNA expression was also potentiated in the presence of NKB (Fig. 2B ).
previously described [27] . Cells were transiently transfected by electroporation with 2 μg/well of reporter construct (LHβ and FSHβ reporter constructs to LβT2 cells, PRL reporter construct to GH3 cells) and 0.1 μg of pRL-TK (Promega Corporation, Madison, WI, USA) and plated in 35-mm tissue culture dishes. Cells were incubated in high-glucose DMEM containing 1% heat-inactivated FBS for 48 h, the culture medium was washed and changed to serum-free DMEM. Then, cells were stimulated with test reagents for 6 h before being washed with ice-cold PBS and lysed with passive lysis buffer (Promega, Madison, WI). When SB218795 (Sigma-Aldrich Co, St. Louis, MO), a selective NK3R antagonist was used, cells were preincubated with 1 μM of SB218795 for 60 min prior to the stimulation. Cell debris was pelleted by centrifugation at 14,000 × g for 10 min at 4 ºC, and firefly luciferase and Renilla luciferase activity was measured in the supernatants with the Dual-Luciferase Reporter Assay System (Promega) using a luminometer (TD-20/20; Promega) according to the manufacturer's protocol. Luciferase activity was normalized for Renilla luciferase activity to correct for transfection efficiency, and the results were expressed as fold increase compared with the non-stimulated control.
RNA preparation, reverse transcription, and real-time quantitative RT-PCR procedure
Total RNA from untreated or treated GH3 cells was extracted using the commercially available extraction method Trizol-S (GIBCO BRL Life Technologies, Gaithersburg, MD), according to the manufacturer's instructions. To obtain cDNA, 1.0 ug of total RNA was reverse transcribed using an oligo-dT primer (Promega, Madison, WI), and was prepared using a First Strand 2), and utilizing a Universal Probe Library Probe and Fast Start Master Mix (Roche Diagnostics, Mannheim, Germany). Using specific primers for PRL [27] and Fig. 2 Effects of NKB on gonadotropin and PRL promoter activity L βT2 cells and GH3 cells were cotransfected with 0.1μg of pRL-TK vector and 2.0 μg of luciferase vector linked with the gonadotropin LHβ or FSHβ subunit and PRL, respectively in six-well plates for 48 h. The medium was then replaced with DMEM containing 1% FBS. Next, for the LβT2 cells, the following experimental conditions were tested: 100 nM GnRH, 100 nM NKB or the combination for LHβ and FSHβ (A). In GH3 cells, 100 nM TRH, 100 nM NKB or the combination for PRL (B). The cells were cultured for 6 h and luciferase activity was measured and expressed as the fold stimulation of the control.
To determine the effect of NKB on PRL mRNA expression, cells were stimulated with 100nM TRH in the presence or absence of 100nM NKB for 24 h, and then PRL mRNA levels were measured using quantitative RT-PCR procedure (B). Values are expressed as means ± SEM of three independent experiments done with triplicate samples. The differences between TRH and TRH + NKB in GH3 cells (B) were statistically significant (P < 0.01). n.s. indicates that the fold induction was not statistically significant.
Fig. 1 Expression of NK3R and KOR in LβT2 and GH3 cells
Whole cell lysates from LβT2 cells and GH3 cells were prepared and assayed for the NKB receptor, NK3R (A), and Dyn receptor, KOR (B) by western blotting. The presence of NK3R were determined using cell membrane fractions (Fig. 1A, right) . The membrane was probed with an NK3R antibody and KOR antibody. The immunoreactive bands were visualized with electrochemiluminescence.
onist, completely prevented the stimulatory action of I μM NKB on TRH-induced PRL promoter (Fig. 4B) . Dyn, however, did not statistically reduce the action of TRH on the PRL promoter even at a high concentration (Fig. 4C) .
Effect of NKB on TRH-induced ERK phosphorylation
Extracellular signal-regulated kinase (ERK) plays a significant role in TRH-induced PRL gene expressions [27, 28] . NKB had no effect on the basal level of ERK phosphorylation, consistent with what was seen for PRL promoter activity. TRH-increased ERK phosphorylation, however, was significantly increased in the presence of NKB (Fig. 5) . Dyn failed to modulate basal and TRH-increased ERK phosphorylations (data not shown).
Effects of Dyn on gonadotropins and PRL promoter activities
Next, we examined the effects of Dyn on LβT2 and GH3. Basal promoter activities of LHβ and FSHβ were comparable to the control following Dyn stimulation. GnRH-increased gonadotropin promoter activity was statistically unchanged by combined treatment with Dyn (Fig. 3A) . PRL promoters in GH3 cells were not modulated by Dyn alone or by cooperate with TRH stimulation (Fig. 3B) .
Concentration-dependent effects of NKB on PRL promoter activity in GH3 cells
NKB only affected the PRL promoter activity tested in GH3 cells. TRH-increased PRL promoter activity was increased in the presence of a higher concentration of NKB (Fig. 4A) . SB218795, a selective NK3R antag- the NK3R and KOR, receptors for NKB and Dyn, are expressed widely in the central nerve systems including pituitary gland [11-13, 16, 21, 22] . In this study, we observed that the pituitary hormone-secreting cell lines, LβT2 and GH3, also have these receptors (Fig. 1 ). This suggests that NKB and Dyn may play a role in hormone synthesis and secretion at the level of the anterior pituitary. In this present study, we demonstrated that NKB affected PRL promoter activity in GH3 cells, but not gonadotropin promoter activity in LβT2 cells. In addition, NKB affected on PRL promoters only when the cells were stimulated with TRH ( Figs. 2 and 4 ). NKB has also been shown previously to simulate PRL release [7] in cultured anterior pituitary cells. Substance P, a peptide which belongs to the tachykinin
Discussion
The NKB system was implicated in the regulation of the reproductive axis following the identification of loss-of-function mutations in NKB and its receptor in IHH [29, 30] . On the other hand, despite of this apparent functional association between GnRH and NKB in human, there is a report showing that TAC3R knowkout mice are healthy and fertile [31] .
It is known that NKB and Dyn are colocalized in most of the kisspeptin/metastin neurons in ARC [6] . In the median eminence, there are rich projections of kisspeptin/metastin/ NKB/ Dyn fibers to the external layer, where kisspeptin/metastin axons are intimately associated with GnRH axons in monkey [32] . In addition, . Cells were preincubated with 1 μM of SB218795, a selective NK3R antagonist, for 60 min prior to the stimulation with 100 nM TRH and 1μM NKB (B). The cells were cultured for 6 h and luciferase activity was measured and expressed as the fold stimulation of the control. Values are expressed as means ± SEM of three independent experiments done with triplicate samples. ** P < 0.01 vs. TRH treatment without NKB. The difference between TRH + NKB and TRH+NKB+SB218795 was statistically significant (P < 0.01). n.s. indicates that the fold induction was not statistically significant compared to the TRH treatment.
the anterior pituitary gland as well as in the hypothalamus [34] , and many experimental findings point to a possible role of tachykinins as paracrine modulators of pituitary hormone secretion [8] . [36] . Peripheral or central administration of NKB to male mice had no effect on LH levels, whereas central co-administration of NKB and kisspeptin/metastin caused a significant increase in LH concentrations [37] . These current researches suggested the interplay between NKB and gonadotropin release in association with kisspeptin/metastin. It is unclear at present why gonadotrophs possess receptor for NKB. From this current study using pituitary cell line, we could say that the action of NKB as well as Dyn on gonadotropin secretion mainly occur at the hypothalamic level. ERK phosphorylation plays a critical role in TRHinduced PRL gene expression [27, 28] . The stimulatory effect of NKB on TRH-induced PRL promoter activity was therefore explainable by the fact that TRHincreased ERK phosphorylation was enhanced in the presence of NKB (Fig. 5) . Although NKB alone did not stimulate ERK phosphorylation, this observation was consistent with its effect on PRL promoter activity. TRH stimulates inositol phospholipid metabolism by activating Gq protein-coupled membrane receptors. This in turn stimulates the protein kinase C (PKC) pathway and Ca 2+ release from intracellular Ca 2+ storage sites [38] . TRH-induced ERK activation occurs via PKC-dependent and PKC-independent pathways [39] . The former pathway activates MEK kinase (MEKK) with PKC, and the latter induces tyrosine phosphorylation of Shc proteins, which are linked to Ras-dependent MEKK activation. MEKK activates MEK, which ultimately activates ERK [40] . Similar to the TRH receptor, NK3R, a receptor for NKB, is a member of the Gq protein-coupled receptor family that mainly stimulates family, modulates several anterior pituitary hormones [23] . Substance P also directly stimulates PRL release from rat pituitary cells [33] . There has been a speculation that the action of tachykinins on PRL may be exerted at the hypothalamus as well as at the anterior pituitary level. In our current experiments using GH3 cells, NKB alone failed to stimulate PRL promoters. In addition, NKB worked as a positive modulator for PRL promoter activity in the setting of TRH activation. GH3 cells are a clonal population of PRL-producing cells and the present study excludes the effect of neighboring hormone-secreting cells on the PRL release in the pituitary culture. Tachykinins are synthesized in GH3 cells were incubated with 100nM TRH, 100nM NKB or both TRH and NKB for 10 min. The cell extracts were then subjected to SDS-PAGE, and immunoblot analysis was performed with phospho-ERK antibody (P-ERK: phosphorylated ERK). Following antibody stripping, immunoblot analysis with ERK antibody (T-ERK: total ERK) was performed. The visualized bands were quantified by scanning densitometry using NIH image. Results are expressed as the fold increase over the unstimulated cells and represent the means ± SEM. We repeated the same experiments at least three times with reproducible results, and representative results were shown. The difference between TRH and TRH + NKB were statistically significant (P < 0.05).
with concomitant potentiation of ERK phosphorylation by TRH. Dyn, however, had no significant effect on PRL promoter activity. Although our current study was performed using pituitary hormone-secreting cell lines, there is a possibility that NKB has an ability to positively modulate the action of TRH on PRL synthesis and release.
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phospholipid metabolism [10] . It is imaginable that the intracellular signaling cascades evolved by TRH and NKB integrate at a level upstream of ERK in order to potentiate its activity.
MUA volleys in kisspeptin/metastin neurons are inhibited by Dyn, which results in a decrease in gonadotropin release [41, 42] . We expected Dyn to exert inhibitory effects on pituitary gonadotrophs and lactotrophs because these cells, like kisspeptin/metastin neurons, express the Dyn receptor, KOR. Dyn, however, did not have a significant effect on gonadotropin or PRL gene expression levels (Fig. 3) . As previous reports have suggested, Dyn may modulate the effects of other neuropeptides on the hypothalamic hormones, which control the release and synthesis of hormones by the anterior pituitary [24, 25] .
In the present study, we have documented that both pituitary gonadotroph LβT2 and PRL-producing GH3 cells have receptors for NKB and Dyn. Despite this, NKB and Dyn failed to modulate gonadotropin LH and FSH promoter activities in LβT2 cells. In GH3 cells, NKB increased TRH-induced PRL promoter activity
